INTRODUCTION
When a gas or vapour molecule strikes a solid surface it may either condense on the surface and remain there for some time before returning to the gas phase, or it may rebound at once from the surface. The ratio of the number of molecules condensing on any surface per second to the total number incident on that surface per second may be defined as the "coefficient of condensation" f. The value of this coefficient will be expected to vary with the nature of the solid surface and of the gas but in a number of cases (Langmuir I9I6) early evidence indicated that it is close to unity and it has sometimes been assumed that this is always so.
The experiments described in the present paper were designed to test the correctness of this assumption, and for this purpose the coefficient of condensation has been measured at a number of crystal surfaces. The measurement can be made very directly in the special case in which the solid and the gas molecules are identical in nature, and for this reason crystals which sublime at ordinary temperatures have been used and f has been measured for the collisions of the vapour molecules with a solid surface of the same substance.
If a crystal (e.g. iodine) is surrounded by its saturated vapour, there will be a steady interchange of molecules between the crystal and the vapour, the number evaporating from the crystal per second being exactly balanced by the number condensing on it from the vapour. If Xr is the average time spent by a molecule on the surface before it evaporates, the number of molecules evaporating into the vapour per second will be proportional to (1/r). When the actual vapour pressure is small, so that the concentration of vapour molecules near the crystal surface is small, the presence of this vapour will not affect the value of T appreciably, and the rate of evaporation of molecules from the crystal will be the same when the evaporation takes place into a saturated vapour as when the crystal is in a perfect vacuum. (Clearly in the former case the resultant rate of evaporation will be zero because of the condensation of molecules from the vapour on to the crystal.)
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It therefore follows that the rate of evaporation of a crystal into a vacuum will be equal to the rate of condensation of vapour molecules on to its surface from the saturated vapour at the temperature of the crystal. Measurement of this rate of evaporation thus gives the mass (M,) of vapour molecules condensing per second.
The mass (M2) of vapour molecules actually incident on the crystal surface per second can be obtained at once from the well-known kinetic theory expression: 
where P is now measured in mm'. of mercury and M is the molecular weight of the vapour. Therefore, if Ml is determined experimentally and M2 obtained from equation ( The results showed that for benzene and carbon tetrachloride f is equal to unity. For water, however, f = 0036, so that there is much reflexion of molecules at the surface of this liquid. In the same way, preliminary experiments showed that for ethyl alcoholf has a small value. The exact magnitude was not obtained in this case.
These In view of these results, the crystals to be used in the present work were selected with a view to determining the effect of dipole moment in the solid state. The substances used, with their dipole moments, are given in Table I . The coefficient of condensation of the vapour at the crystal surface of each of these substances has been determined.
EXPERIMENTAL
The apparatus used is shown in fig. 1 , and requires little explanation.
The evaporating crystal was used in the form of a hemispherical cap C which was deposited on the end of a thin glass tube T of diameter about 12 mm. Water was circulated through this tube so as to control the temperature of the crystal and hence its rate of evaporation. The tube itself was surrounded by a wider glass tube G of diameter 32 mm., on the inner surface of which the evaporated molecules from the crystal were condensed. The whole apparatus was connected through a liquid air trap to an oil diffusion pump and a discharge tube which was used to indicate the gas pressure in the apparatus. A large induction coil, used with a spark gap set at about 1 in., supplied the current to the discharge tube, and throughout all experiments the pressure was so low that no discharge was visible in the tube.
In order to deposit the solid cap C on the tube T, the latter was interchanged with the stopper S of the vessel V which contained a quantity of the resublimed material from which the cap was to be formed. Warm water was circulated through T, the vessel V was itself surrounded by a Dewar flask containing warm water, and the vapour was pumped off until about one-quarter of the original material had evaporated. In this way any trace of more volatile impurities should have been eliminated. The warm water circulating in T was then replaced by ice water and the deposition of the cap commenced. When this was complete, the tube T was removed from V and all the material deposited along its length was removed so that only a uniform cap at the end of the tube remained. The dimensions of this deposit were measured before it was replaced inside the experimental tube G. The intense evaporation of the solid produces very large temperature gradients in it, and it is necessary to measure as accurately as possible the temperature of the evaporating surface itself, since it is this which controls the rate of evaporation. A fine copper-constantan thermocouple was used for this purpose. The wires were led out through the ground joints J; they passed along the narrow tube R, and the thermojunction was at L on the surface of the deposit. These thermocouple wires were passed below the cap C and then, by rotation of the joint K, the junction was drawn into very close contact with the deposit. By leaving the two wires under a slight tension at the beginning of an experiment, it was easy to ensure a good contact between the junction and the surface throughout its progress. If, as happened on one or two occasions, this contact was in any way imperfect, the erratic behaviour of the galvanometer at once drew attention to the difficulty and the experiment was abandoned.
Ice
In performing an experiment, ice water was passed through the cooling system in the tube T and the apparatus was connected to the pump. The evaporation thus produced caused a slight fall in the surface temperature of C, but, once the pressure in the apparatus became constant, the surface temperature became constant and the deflexion of the galvanometer to which the thermocouple was connected remained stationary. At this point the surface temperature, as registered by the galvanometer, was noted and the vessel C was immersed in liquid air. As soon as G became cold and condensation on its inner surface was possible, intense evaporation commenced at the surface of C and the galvanometer deflexion began to change, rapidly at first and then more slowly. The time of evaporation was measured from the instant at which this change in the surface temperature began. The galvanometer deflexion was read every 10 sec. throughout the experiment.
After a suitable interval the experiment was stopped by the admission of dry C02-free air to the apparatus. The liquid air was removed from C, which was itself taken from the apparatus and stoppered until its temperature had returned to that of the room. It could then be weighed and the mass of the; deposited film ascertained. This film was; very uniform and smooth.
The area of the cap C was measured both before and after the experiment and the average area used in the calculation off.
The variation of the surface temperature during a typical experiment is shown in fig. 2 . Clearly this variation must be taken into account in calculating M2, the mass striking the crystal surface. For this reason equation (1) 
RESULTS
The surface formed by the deposition of a crystalline material on to the tube T was, in general, not perfectly smooth. The actual deposition of the material took place slowly and uniformly and gave a very compact, solid deposit whose surface was composed of many small plane crystal faces orientated in different directions. Thus the actual area available for evaporation, being the total area of these exposed crystal faces, would be larger than the apparent area calculated on the assumption that the surface was completely smooth.
In the calculations of the coefficient of condensation which follow no allowance is made for this lack of smoothness of the evaporating surface, so that the values obtained for the coefficient will be too large in the ratio of the actual evaporating area to the apparent area. Hence the true values off must always be equal to or smaller than those given below.
For egch substance the saturated vapour pressure was calculated from a formula of the type 0-05223A
log1op(mm)= B T
The appropriate values of the constants A and B are given in the tables of results.
I-Iodine
Pure resublimed iodine crystals were used to form the cap C, which was hard and firm. The surface was not smooth, so that the value of f deduced must be too large. The size of the individual crystal faces forming the surface varied somewhat from one experiment to another, being dependent to some extent on the speed of formation of the cap C; the actual surface area will therefore vary correspondingly from one experiment to another.
As already explained, the surface temperature varies during an experiment, falling more or less exponentially from the initial to the final value. The range of temperature is indicated in the tables of results, which give the initial surface temperature (T1) and its final temperature (T2). Typical results are shown in Table II . In all experiments on the evaporation of iodine, the actual amount of evaporation exceeded that calculated for a plane surface of the same dimensions by a factor of between 1 and 2. But the area of the actual surface will exceed that of a plane surface by a factor of the same order. It may therefore be concluded either that f = 1, and the actual area is 1-45 times the apparent area on the average, or that f is smaller than this and that the ratio of the areas is greater. This ratio is unlikely greatly to exceed the figure given above and for the present it will be assumed that the coefficient of condensation for iodine vapour at the surface of an iodine crystal is close to unity. In any event the experimental result is not inconsistent with the prevailing assumption that f = 1.
II-Naphthalene
In this case the cap C was very hard and the surface composed of numerous crystal faces which, as with iodine, give rise to an actual evaporating area in excess of the apparent smooth area.
The results (Table III) show once more that the actual evaporation is equal to that to be expected from an evaporating area between one and two times as large as that of a smooth hemisphere of the dimensions of the actual cap. As in the case of iodine, it is therefore concluded that for naphthalene also the value of f must be very close to unity. 
III-Synthetic Camphor
The camphor deposit from which evaporation took place wao very uniform and perfectly smooth, so that the actual evaporating area must have been equal, or very nearly equal, to the apparent area. In early experiments, in which the temperature of the cap was somewhat higher than in those reported below, and therefore the rate of evaporation considerably greater, a number of short hair-like structures appeared on the evaporating surface during the experiment and evaporation from these would increase the true evaporating area. In the experiments described in Table IV no effect of this kind was observed and the surface appeared perfectly smooth throughout.
The coefficient of condensation of camphor vapour cannot therefore exceed 0-17 in value and, because of the very satisfactory nature of the camphor surface, it is concluded that the true value is very close to this figure. 
IV-Benzoic Acid
The benzoic acid surface was very fine grained, uniform, and chalky. Because of its chalky nature, the actual area must have been greater than its apparent area.
Owing to the small vapour pressure of benzoic acid at 00C., it was necessary to work at a somewhat higher temperature. For this purpose, ice water was passed through the tube T ( fig. 1) until the actual beginning of the experiment. When the liquid air was placed in position, the ice water was replaced by a steady stream of water at 50? C. The surface temperature therefore first fell slightly owing to the beginning of evaporation and then was raised up to a suitable point by the warm water. At the end of the experiment the warm water was again replaced by ice water so that the final r rate of evaporation was very small. In the graphical integration of dt, observations of the surface temperature can be continued up to within about 20 sec. of the end of the experiment and the curve must be extrapolated over this final interval. By reducing the final temperature as described above, any error in this short extrapolation is reduced to a negligible amount. 
DISCUSSION
In all, a large number of experiments have been performed with the above crystals, and the results show that they may be divided clearly into two groups. In no single experiment with iodine or naphthalene did the experimentally determined amount of evaporation fall below that expected theoretically on the assumption of complete condensation at the crystal face. This excess evaporation we associate with the increase in evaporating area due to unevenness of the crystal surface,. All these experiments are therefore consistent with the view that the coefficient of condensation is equal to unity at the surface of iodine and naphthalene crystals.
On the other hand, every experiment with camphor or benzoic acid indicated an amount of evaporation markedly smaller than that theoretically expected even on the assumption that the evaporating surfaces were perfectly smooth. Any allowance for surface unevenness would increase the theoretical estimate of the mass of vapour striking the surface and so reduce the value of f still further. It is therefore clear that these experiments on camphor and benzoic acid are quite inconsistent with a coefficient of condensation whose value is unity and in fact show clearly that the value of this constant is much smaller. The assumption that f is invariably equal to unity cannot therefore be maintained.
The smooth waxy surface of the camphor deposit eliminates any great error due to lack of knowledge of the exact evaporating area and permits us to measuref fairly accurately. The results are consistent and the value 0 17 should be quite close to the truth.
It is to be noted that, as in the case of the liquids previously examined, it is the non-polar molecules whose coefficients of condensation are near to unity, those molecules having a dipole moment have small values of the condensation coefficient.
The problem of the condensation coefficient has recently been examined theoretically by Lennard-Jones and Devonshire (I936), who have shown that on theoretical grounds it is not to be expected that this coefficient shall invariably have the value unity. They treat only cases of the condensation of gas atoms on to a solid surface in which the binding forces are of the van der Waals type and the energy of adsorption is small. The heat of vaporization of the substances considered above is much greater than the usual van der Waals energy. In work on the evaporation of liquids, the ratio of the actual rate of evaporation into a vacuum to the total mass of vapour striking the surface per second is often defined as the "vaporization coefficient " (Roberts 1933 ). This was done in the earlier work on water, etc. As, however, these experiments do actually measure the probability of condensation of an incident molecule, the "coefficient of condensation" appears to be a better name than the " vaporization coefficient" for this constant.
The condensation coefficients, as determined up to the present, are given in Table VI. SUMMARY Information regarding the interchange of molecules between a subliming crystal and its vapour is obtainable from a knowledge of the rate of sublimation of the crystal into a vacuum. In this paper, measurements of the rates of sublimation of crystals of iodine, naphthalene, synthetic camphor, and benzoic acid are described, and the coefficient of condensation for the vapour molecules on the crystal surface is deduced for each. The results indicate that, in the case of iodine and naphthalene, the value of the coefficient is near to unity, but for camphor its value is 0 17 and for benzoic acid it is probably smaller than 0 1.
